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DRAINAGE CONCEPT REPORT 
115 TM AVENUE - G ~ A  RIVER B R ~ G E  TO MC 85 

L INTRODUCTION 

A. G e n ~  

This Dr~nage Conce~ Repo~ is p~pared ~ r  ~e  Maricopa Coun~ Department of Tran~o~ation 

as p a r  of the Improvement Study ~ r  115 ~ Avenue from the Gila River B~dge noah to MC 85 

(Buckeye Roa~. The p r ~ e ~  consis~ of a n ~  of ~ e  runoff g e n t l e d  wi~in ~ e  road righ~o~ 

way area and o f f - ~  runoff ~ n g  ~ e  roadway. Al~mative &~nage con~pts are pm~med ~cng 

with ~ t im~ed  co~truction co~s. The proje~ ~cation is shown on F i g u ~  1. 

B. Study Area 

The study area ~ characterized p~dominantly by agriculmr~ land use. Re~denti~ devdopmem is 

b e a n i n g  to ~ a c e  agricul~re in some ~cations and is expec~d to continue to ~place the 

agriculmr~ en~ronment. The area is ~m~ed  b~ween ~ e  Agua Fria and Gila Rive~ near thek 

confluence. During ~gh  flows in ~e  Gila River a poaion of ~ e  area is su~e~  m overbank f loo~n~ 

The area is within ~ e  S~t  River V ~ y  W~er  Use~ A~ociation (SRVWUA), S~t  Ri~er F r ~ e ~  

(SRP) irrigation ~rvice area and ~ near ~e  d o w n ~ a m  end of the sy~em. Them ~ a large t~lw~er 

can~ that ~averses ~ e  ~ e ~  flowing g e n ~ l y  from east to we~, ~ e d  ~ as lhe Buckeye Feeder 

Can~. The Buckeye Feeder Can~ ~ ~igned ~eng a ~w- l~ng  area ~ rec~ves storm w ~  runoff 

from ~ e  north and ~e  so~h. The Can~ flows adjacent ~ ~ e  east ~de of 115 ~ Avenue for one mi~ 

befo~ confining we~ to the Rive~ During storm even~, runoff ~ac~ng  the Buckeye Feeder Can~ 

ove~ops the banks and flows overland toward 115 ~ Avenue. Prior to ~aching 115 ~ Avenue the 

flow b~aks out to ~e  sou~ ~sd t ing  in flooding of sever~ ~ d e n c ~  in iu p~h. The runoff ponds 

along ~ e  east side of 115 ~ Avenue before continuing west. The primary focus of the off-si~ 

dr~nage an~ysis ~ to identify s~utions to the flooding prob~ms ~ong ~ e  Buckeye Feed~ Can~ 

from 107 ~ Avenue ~ Dysart Road and mo~ s p e ~ f i c ~  in ~e  ~ c i ~  of 115 ~ Avenue. Thels~dy 

area identified for ~e  Buckeye Feeder Can~ a n ~ i s  e~ends from 107 ~ Avenue ~ Dysart Road and 

from Sou~em Avenue to Lower Buckeye Road. The study area is ~so shown on Figure 1. 

~ b b ~  & A s s ~ a t e s  I Draina~ Concept Report 
Mawh 2~ 1 9 ~  115 ~ Avenue - ~ ~ r  B ~ e  w MC 85 
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H. DESIGN CRITERIA 

Drain~e Cd~fion ~ r  use in Maricopa Coun~ am pm~n~d in Dm&age D ~ n  Manual for 

Madcopa Coun~ Adzon¢ Volume ~ Hydraulics, prepared by ~e Hood ConVol Dis~ct of 

Madcopa Coun~ Roadw~ ~sign g~dd in~  ~e pm~nmd in Roadway Design Manual p~pa~d 

by Maricopa County Department ~ Tran~o~ation. The following ~ c  cri~fia are u~d in ~is 

an~y~s. 

A. On~ke Dr~n~e  Cd~da 

The ~anned roadw~ section is a m ~  section w~h no cu~ and ~ u e ~  Pavemem dr~nage ~11. 

t h e ~  ~ c ~ t e d  ~ r o ~  s w ~  ~ e~h ~ ~ ~e  r o ~  and c ~ d  ~ a suimb~ ~ t f~ l .  

The f o l ~  ~ f i a  ~p ly  ~ r o ~  ~ s :  

Road~de ~mhes are to be sized to pmve~ the l~year ~orm runoff ~om saturating the 

pavemem ~b~ade.  

S ~ l o p ~  are m be no smep~ ~an 4 m 1 (H:V) wi~in ~e  roadway dear zone. 

Trap~oid~ channd bouoms will be a mi~mum of 4 ~et wide ~ r  m~nmnan~ p u ~ .  

V-~aped channe~ are ~lowed in l~u ~ a ~ m  trap~oid~ channel. 

B. Off-site Dr~nage Cfi~fia 

Off-si~ dr~nage cd~fia will ap~y to roadway culve~s and channel improvements to ~e  Buckeye 

Feeder Can~. The fol~wing cd~da ap~y: 

Cross road culve~s for c ~ o r  and artefi~ ~m~s are to be deigned to convey ~ least the 

50-year peak discharge wi~ no flow c r o ~ g  over ~e roadwa~ Ad~tion~ly, 

The flow depth over ~e roadway will be limimd lo 0~ ~ for ~e 100-year peak ~scharge. 

Open channds will be prov~ed with freeboard equ~.to .25 times ~e sum of flow dep~ and 

vdocity head for the design flow, with a mi~mum of 1 foot for subcdtic~ flow and 2 feet 

for supemfitic~ flow channels. 

The Froude number for ~1 channel Upes is limimd :to a maximum of 0.86. For concrete, 

shotc~m, and molar  lined channels, the ad~fion~ range of 1.13 ~ Fr ~ 2.0 is ~lowe& 

Dibb~ & A ~ o ~  3 Drainage Concept Repon 
Ma~h 2~ 1998 115 ~ Avenue - Gi~ ~ r  Bhdge ~ MC 85 
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l~I. METHODOLOGY 

A. Hydrology 

Hydrology ~ r  ~e study ~ea is p ~ n ~ d  in Floo@~ Delineation of~e Tolleson A ~  Hydrology 

Report, Ocmb~ 1996, p~p~ed by Dibb~ & A~ocimes ~r  the Hood Conuol Distd~ of Maricopa 

Count .  The hy&o~gy ~po~ is in draft ~rm, but c o ~ m ~  the be~ av~lab~ in~rmation 

~gar~ng ~e runoff c h ~ f i s t i ~  wRhin ~e study area. 

The hydrCogy ~om the TC~son A~a study was p~p~ed ufing procedu~s and cfi~fia ~om 

DraYage Des~n Manual For Madcopa Count, Arizon~ Vo~me L Hydro~gy and ~e Flood 

Con~ol Distri~ of Maricopa Coun~ DraYage Desert Menu System (DDMS) compumr so,ware. 

Mo~fications we~ made to ~e  100-ye~ Td~son model m mo~ accur~dy ~flect ~e  aefifl. 

~ducfion in r~nf~l within the project area and to modal the demnfion basins for ~e de~nfion 

fl~rnafive. The 10-ye~ flows ~e taken from a ~ s e d  model prodded by the FCDMC. The 

drfinage sub~ea map from ~e  Tolleson ~udy is enclosed as Figure 2. 

Hydrology ~ r  ~e o ~ m  & ~ n ~ e  is p~p~ed ~ g  ~e ration~ me~od ~ p ~ m e d  in ~e Dr~nage 

Deign Manu~. 

B. Hydraul~s 

C~ve~s and channe~ ~e ~ i t i ~  sized us~g HDS-~ HydrauHc Des~n of Highway Cu~erts, for 

c~ve~s, and mann~g's equation for channds u~ng an n-v~ue of 0.013 for c o n c ~ .  C e ~ n  

potions of ~e  Buckeye Feeder Can~ we~ subsequently modded with SmrmPlus to ev~u~e the 

backwater effects of ~e c~sdy spaced culverts ~ong 115 ~ Avenue and the uansition effec~ ~ the 

culvea inle~ and outlet. SmrmPlus is a hydraul~ an~ysis sy~em developed by the Los Ange~s 

Coun~ Flood Co~rol D~td~. 
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C. Al~rn~ives AnNysis 

Al~m~ives  are developed to solve flooding problems associa~d wi~ the Buckeye Feeder CanN. 

The Scope of Work identifies ~ree N~rnatives to be conNdere& 

Dive~ng ~ c u m ~ e d  excess flows somhedy Nong the 115 ~ Avenue N~nment  to ~ e  Gila 

Rive~ 

Increase conveyance of NI roadway under cravings to ~commod~e N1 pNe~iN canN 

flows. This. N~mafive is to include N1 crosNngs wi~in the study ~ea  ~ c ~ n g  ~ e  

boundary roadways and e x ~ n ~ n g  ~ ~ e  canN ~ N n  ~ c ~ e d  we~ of Dysart Road. 

Combination of &Nnage measures and ~chNqu~ inch as ~ve~ing flows, augmentation cf 

culve~ conveyance capacN~, and use of ~ n t i o n  or detention bas~s. 

Al~matives ~ r  ~ e  on-ske drainage a n N ~  ~e  devdoped in co,unct ion with the No build 

Al~mative, ~ e  Me~um Cost Al~mative, and ~ e  Full Cost Al~mative p ~ m e d  in ~ e  

Improvement Study Report, wh~h is a companion dccume~ p ~ p ~ e d  ~ part cf ~ i s  s~dy. 

IV. RESULTS & RECOMMENDATIONS 

A. OwN~ DrNn~e  

O n , R e  d r N ~  ~ c ~ d ~  pavemem &Nnage and ~ e  runoff fNling ~ i n  ~ e  dght-of-w~ on ~ e  

~ o u N ~  ~ earthen ~e& P ~ e m ~ t  ~ N n a ~  will be ~ c ~ d  m side ~ h e s  run~ng p ~ N ~ l  m ~ e  

roadway on b~h  Ndes. 

Cu~entlN no c~ve~s convey runoff under 115 ~ Avenue except ~ the Buckeye Feeder CanN near 

Atlanta Avenue. 

On the east side of 115 ~ Avenue ~om Buckeye Road to the Buckeye Feeder CanN, the runoff flows 

south in the roadside dimh. The runoff is conveyed under side roads in culveas. The roadNde dimh 

outlets into the canN. Runoff ~om Durango Street Nso flows in the roadside channel. From 

Southern to Atlanta, the runoff flows noah, Nso to the canN. From Southern to the Gila RiveG the 

flow is south in a roadside dish.  
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On the west side of 115 ~ Avenue from Buckeye Road to Lower Buckeye Road, the ~ghtoo~way 

dr~nage flows south in a roadside dish and then turns west ~ong the noah side of Lower Buckeye 

Road. The dr~nage ~ong the we~ ~de of 115 ~ Avenue from Lower Buckeye Road to Roeser ~so 

flows south. The runoff ~ dive~ed to the west ~ the following ~cations: Elwood, 1/4 mile noah 

of Broadway, ~ Broadway, and ~ Roese~ From Roeser to ~e Buckeye Feeder Can~, the righ~o~ 

way dr~nage flows south imo the can~. The righ~o~way dr~nage from Sou~em to the Buckeye 

Feeder Can~ flows north into the can~. Fin~l~ from Southern to ~e Gila Rive~ the righ~o~way 

runoff flows south to the rive~ 

The ~ ~ ~e f i g h t ~ w ~  &finage ~ m e  ~r  ~ m ~  improvemen~ ~ ~ continue the~ e ~ n g  

~ n ~ e  patterns. Runoff o f i~n~ng  on the east fide of 115 m Avenue ~I1 be conveyed to ~e  

B ~  Feeder Croft ~ ~e  Gila ~ r .  Runoff cn ~e  west f i& will ~ ~ a e d  m ~e  ~cations 

defined ~ove.  

Figure 3 shows the on~i~ drMnage flow p~hs and computed peak discharges for existing 

conditions and for the Medium and Full Co~ Mmrnmives. The rationM method computation shee~ 

are contMned in the Appendix. 

The fol~wing tab~ p ~ n ~  the ~ mad c ~ s .  The sizes are based on the m ~  dr~n~e 1~ 

year ~scharges. R o a d ~  sw~es will be w ~ e d  and d ~ n e d  ~ convey the l~year ~ h a r g e  

wi~out ~undating the paveme~ subgad~ 

~ c ~  S i~  

Durango Street (West Side) 
Durango Street (East Side) 
Lower Buckeye Road (East Side) 
Elwood Street (East Side) 

610 mm ~4-incM 
610 mm ~ i n c M  
610 mm ~ i n c M  
760 mm O0-incM 

The ad~tion of pavement as part of the Med~m and Full Cost ~mmatives will increase the 10-year 

runoff as shown on Figure 3. During higher mtum period storms such as the 25-, 50- or 100-year 

storms, the increase in runoff cau~d by the ad~t~n~ pavement is ne~i~b~ or ~eto. 
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B. Al~m~ives  An~ysis 

Based on review of the project hydrolog~ av~lab~ detai~d mapping, and field reconn~ssanc~ the 

following ~ m ~ i v e s  were devdoped to re l ive flooding problems ~ong the Buckeye Feeder Canal. 

The al~mmives are shown on Figures 4, 5, & 6. Culvert and channel hydraulic calculation sheets 

are contained in the Appendix. 

1. E~sting Con~fions 

From approxim~dy 91 ~ Avenue wes~dy to 115 ~ Avenue, ~ e  Buckeye Feeder Can~ flows ~ong 

a low p~nt  in ~e  ~ n .  The Can~ is a dr~n utilized ~ c d ~  irrigation tailwater from a~acem 

fldds. The Can~ flows adjace~ ~ ~ e  e~ t  ~de of 115 ~ Avenue for one mi~ b e ~  confining west 

~ ~ e  Rive~ During a s~rm event, runoff ~aches ~ e  can~ ~om ~ e  noah and ~ e  sou~. ~ runoff 

exceeds the capaci~ of the can~, it flows overland p ~ l e l  to the can~ to a p~nt  east of 115 ~ 

Avenu~ Within ~is  ~ea  ~ ~ ~fficuk m de~rmine wi~  much c e ~ n ~  how much flow is conveyed 

on d ~ e r  ~de of ~e  can~. Prior to ~ac~ng  115 ~ Avenue ~ e  flow b~aks out ~ ~e  sou~ resulting 

in floo~ng of sever~ ~ d e n c e s  in ks p~h. The runoff ponds ~ong ~ e  east side of 115 ~ Avenue 

b e ~  confining we~. The channd has a relatively l~ge  c r o ~ e c t i o n .  Howeve~ the capacity ~ 

l imi~d by sm~l culve~s at road and driveway crossings. SRP is c o , r a c e d  to ddiver a constant 

• sch~ge of 40 c~ to the Buckeye Irrigation Di~f i~  ~rough the Buckeye Feeder Can~. The 

existing condit~ns 10-ye~ and 100-ye~ peak disch~ges from ~ e  HEC-1 mod~ ~ e  p~sen~d  in 

Ta~e  1 ~ong wi~ ~ e  ~duced 100-ye~ peak ~sch~ges resulting from ~e  de~ntion improvemem 

~ternative described bdow. 

Tab~ 1 - Peak D~charge Summary 

L ~  
Buckeye ~ e d e r  Can~ (BFC) 

BFC E ~ t  @ 115 ~ Ave 
BPC @ B r o ~ w ~  Rd 
BFC West @ 115 ~ Ave 
BFC @ El Mirage Rd 
BFC @ D~art  Rd 

~ C - 1  

CPHB 
CPDA 
CPCC 
CPCB 
CPCA 

Ex. Cond. 
100-yr Q 

1 ~  c~  
2325 c~  
3068 c~  
3205 c~  
3084 c~  

1 0 ~  Q 
~ ~  

756 c~ 
962 c~ 
1684 c~ 
*783 c~ 
*893 c~ 

Ex. Cond. 
10-)r Q 

1088 c~  
1240 c~  
1593 c~  
1667 c~  
1585 c~  

* - Flow is from loc~ runoff generated downs~eam from 115 ~ Avenue. 
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A fignificant amoum of runoff from ~e  east and ~ u ~  ~ h e s  ~e  Buckeye CanM ~ ~e  point whe~ 

it turns west at 115 ~ Avenue. The SRP Voimr Dish  flows in~ ~e  Buckeye Canal in ~is v~inity. 

The Voi~r Dish has a ve~ low cap~ i~  and is e x p ~ d  ~ have little imp~t  on ~e  surface runoff 

during la~e ~orms. 

The FEMA floodpl~n ~ r  ~e  Gila River is shown on E x h ~ i ~  4-6. The floodpl~n ex~nds ~ far 

noah ~ Broadway Road wi~in ~e  study ~mi~. As a wsult, ~e  ~ m a t i v e  &~nage improvements 

pw~nted in ~is wpoa will be ~undated during a 100 year flow event ~ ~e  Gi~ River and will not 

~nction as deigned.  The hydrau~c an~y~s and ~ m a t i v e  devdopmem pw~med  in this ~po~  

is b ~ e d  on the assum~ion th~ the 10 and 100 year de ign  ~orm even~ are cen~wd over ~ e  

-w~e~hed shown on Figure 2 and th~ the Gila River is not contributing to floo~ng in the are~ 

2. Al~mative 1 - D~ention 

The de~ntion ~temative was o r i ~ n ~  intended to ~duce 100-year peak ~scharges to a rate ~ 

codd  be conveyed in ~e  e~sting Buckeye Feed~ Can~ wi~ m i ~ m ~  improvemen~ ~ ~ e  channel 

and ~ a c e m e ~  of ~e  culve~s. Howeve~ ~ e  100-year peak ~ h a r g e s  are so ~gh compared ~ 

the Buckeye Can~ c r o ~ e c t i o n  capacity, th~ detention basins would be too large to ~duce ~e  

flows enough to ach~ve that o~ective. Al~mat ivd~ detention basin sites are identified at poin~ 

~ong ~e  can~ whe~ runoff concentrates and ~e  flow can be ~asona~y capture& The bas~s are 

made as large as practic~ for the av~lab~ site and the attenuation ac~eved. The Al~mative 1 

improvemems are shown on Figure & 

Detention basMs are located ~ 99 ~ Avenue, 107 ~ Avenu~ and 115 ~ Avenue. The 99 ~ Avenue bas~ 

c~M~s runoff flowing Mong the noah ~de of the canM and locM area sheet runoff in a flow-~rough 

basin concept. The flows in ~e  Buckeye Feeder CanM are not inte~epted by ~e  basin. The stood 

runoff is ~scharged into the Buckeye CanM we~ of 99 ~ Avenue ~rough 2- 42 inch pipes. The canM 

is upsized from 99 ~ Avenue to 107 ~ Avenue to contMn the discharge flow. The 107 ~ Avenue basin 

c~Mc~ runoff ~m crosses Lower Buckeye Road and overland flow from ~e  east. Runoff c r o ~ g  

Lower Buckeye Road is conveyed to the basin in a new channel to p~vent the runoff from 

ove~opping 107 ~ Avenue and contin~ng to the west. The channel flows by ~e  basin wi~ flows 
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in excess of 250 cg  flowing into the basin. The 250 c~ flow-by Nlows morn basin volume for peak 

flow attenuation, making the basin mo~ effective. The flow-by and the canal flow ~om the 99 ~ 

Avenue basin are comNned and conveyed under 107 ~ Avenue. The canal is upsized ~om 107th 

Avenue to 115 ~ Avenue to convey the comNned flow. The 115 ~ Avenue basin is situ~ed on the 

south side of the Buckeye canN and collec~ runoff th~ flows over the canN and runoff flow~g 

Nong the south Nde of the canN before it ~ms  south. The Buckeye CanN acts as a flow-by channel 

on the nogh side of the basin N ~ w ~ g  flows up to 300 c~ to flow by the basin. The basin discharges 

through 2-48 inch Npes into the canN. The combined flows are then conveyed Nong 115 * Avenue 

to the point where the Buckeye CanN turns west. A channel is ~c~de& ex~n~ng  east ~om the 

Buckeye CanN ~ this point to col~ct the surface runoff not conveyed in the VN~r  Dimh. The 

laterN channeljNns the Buckeye CanN upstream of the 115 ~ Avenue cross~g and is Nzed for the 

100 year flow. All channel improvements are sized for a concre~ channel ~Nng  

From this poinL Nternafive Nignmen~ were conNdered to convey the runoff to the five~ The 

existing. Buckeye CanN Nignment to the west would require channel improvements for 

approximately 3 miles, whereas the fiver is less than three quarters of a mile to the south. The 115 ~ 

Avenue Nignment has development Nong both Ndes of the road and there's a highpoint between the 

fiver and the canN that would need to be cut through. An Nignment was selected a quarter mile west 

of 115 * Avenue (117 ~ Avenue Nignment) th~ is unimproved and has a be~er grade to the fiver and 

is still less than a mi~ in length. 

The i 17 ~ Avenue channel will peneff~e the Holly Acres levee at the Gila Rive~ The top of levee 

is 4 to 5 feet higher than the a~acent ground behind the ~vee. To prevent flows in the Gila River 

~om mov~g up the channel and around ~e  ~vee, berms will need to be exmnded Nong both sides 

of the 117 ~ Avenue channel to an ~evation of 943. The n~urN ground elevation between the 

Buckeye Feeder CanN and the G~a River varies but is around 940. Therefore the berms would need 

to exmnd NI the way to the Buckeye Feeder CanN and would still not fully contain the flow. The 

w~er ~vel th~ would escape the berms N expecmd to be above the design water surface in the fiver 

within the freeboard zone. The fol~wing Nmm~ives could be pu~ued in response to the problem: 

~ The ~duced freeboard could be accep~d. 
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The dive . ion ~rucm~ at the Buckeye Feeder Can~ & 117 ~ Avenue could be designed to 

~low the excess flow to ~scharge to the west in the Buckeye Feeder Can~. 

A c o n ~  g~e could be i n ~ d  ~ the Holly Acres ~vee th~ would be closed during flood 

even~ in ~e  Gila Rive~ p~venting water from en~fing the 117 ~ Avenue Channel. The ga~ 

could be manu~ly or automatic~ly acfivme& 

The abili~ m me~ the 40 c~ d d N e ~  ~qui~mem ~ r  ~e  Buckeye Feeder Can~ will be unaffec~d 

by the proposed improvements. The channel ~ v e ~ n  ~ the 117 ~ Avenue ~ ignme~ will need to 

be designed to ~low the fi~t 40 c~ to continue we~ and HI flows in excess of the 40 c~ to be 

~ c ~ d  south ~ the new channel m the Gila Rive~ 

Although the cd~da  for crop-road culve~s o~y requires th~ they convey the 50 year discharge 

wkhout ove~op~n~ new culvea crossings are s~ed for the entire 100-year flow. Th~ ~ done 

because the channds are ~zed for the 100-year flow with freeboard. The culve~s are sized to be 

COherent w~h the channel d e i g n  frequency. 

100-year runoff generated down~mam from 115 ~ Avenue sti~ exceeds ~e  capaci~ of ~e  cms~ngs 

at ~ Mirage and Dysart Roads. The c ~ s ~ n ~  are ups~ed as part of this ~temative to convey ~ e  

100-year disch~ge. The Buckeye Feeder Can~ is ~ i m p ~ e d  by smoo~ing and lining ~e  banks 

wi~  c ~ n c ~  ~ make a h y & a u l ~  mo~  effic~m c ~ e c f i c n .  

New right of way requiremen~ for each chann~ ~ach are identified in ~e  table on Figure 4. 

Existing fight of way is used as much as p o s ~  The figh~o~way ~qui~ments  for channels are 

based on two 12 foot access roads, one on each side. Where channels are next to public roads an 

access road is provided on one side only. 

The attenu~ed flows resulting from the detention basins are summarized ~ Table 1. The flows are 

less than h~f  ~e  existing con~tions flow and flood protection is provided from 9~ h Avenue ~ong 

the channel M~nment to the Rive~ To ensure ~at the detention basins can be drained, the basin 

excavation dep~s are limi~d by ~e  flow-line elevations of the existing d o w n ~ a m  can~s. If the 
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d o w n ~ a m  canals are lowered with the channel improvement,  the basins can be made deepe~ 

Deeper bas~s will ~low mo~ peak flow attenuation by increasing the total storage volume, or the 

same auenuation can be achieved by ~ducing the requi~d land a~a for the basins. The 

improvemen~ to the Buckeye Can~ west of 117 ~ Avenue will provide flood p r o ~ i o n  for runoff 

gener~ed we~ of 115 ~ Avenue. 

3. Al~m~ive  2 - 100-year Conveyance 

Al~rnative 2 is based on p r o ~ n g  no d~ention and increas~g the channel and road cros~ng 

capac~y to convey ~e  full 100-year existing conditions flow. The channel improvements be~n ~ 

107 ~ Avenue where the Buckeye Feeder Can~ will be improved to convey the 100-year peak 

discharge. The new channel will be realigned ~ a point 2000 ~et  east of 115 ~ Avenue to collect 

runoff ~ an existing low point preventing runoff from breaking away from the can~ to the south. 

From 115 ~ Avenue the channel follows the same ~ignment as Al~mative 1 and includes the 

measures described with Al~mative 1 requi~d to pen~r~e the H~ly Acres ~vee. The channd 

improvemen~ are ~1 concre~ Hned. The Al~mative 2 improvemen~ are shown on Figure 5. The 

same later~ channel is included in Al~rnative 2, extending east from ~e  Buckeye Can~ 115 ~ 

Avenue c r o ~  to collect the'surface runoff not conveyed in ~e  V ~ r  Dish. The improvemen~ 

down,ream from the 117 ~ Avenue ~ignment are lhe same as for Al~mative 1. 

Al~mative 2 channels and c~veas are s~ed ~ r  ~e  10~year e~sting con~fions flows in T a ~ e  1. 

Although ~e  channds are larger ~an ~ e  Al~mative 1 channds, ~ e ~  is much ~ss righbo~way and 

excavation ~qu i~d  due to dimination of the de~nfion bas~s. 

4. Al~mative 3 - 10-year Conveyance 

Al~mative 3 is based on providing 10-year protection as a cost saving option to either reduce the 

pr~ect cost or ~low phasing of improvements. Al~mative 3 consists of channd improvements and 

concre~ ~n~g to ~e  Buckeye Can~ from 107 ~ Avenue to Dysart Road ~ong i~ existing ~ignment 

with channels and culve~s sized for the 10-year storm, except ~at ~e  channel is re-routed east of 

115 ~ Avenue ~rough the low point described with Al~mative 2. The 10-year flows are nearly ~e  

same as ~e  attenu~ed flows from Al~m~ive  1. The Al~m~ive  3 channels and cuive~s could be 
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const~c~d ~ the fi~t phase ofa  100-ye~ plan. The basins and ~m~ning channel improvemen~ 

would ~en be made ~ a liner time. The Al~m~ive  3 imp~vemen~ a~  shown on Figure 6. The 

l~er~ channel ~ the 115 ~ Avenue c ~ i n g  is included in Al~mative 3, sized ~ r  the 10-year flow. 

To p~vide a mi~mum 100-ye~ level of protect~n ~ r  existing stmctu~s, floodp~ofing measu~s 

we~  included ~ r  overland flow occu~ing during a 100-year storm th~ is not cont~ned in the 

channels. For homes noah of ~ e  V ~ r  Dish ,  individu~ berms a~  planned to be cons t~c~d 

~ound ~ e  homes m p~vem floo~n& For hom~ south of the V ~ r  DiSh a sm~l ~vee is ~anned 

to ~ v e ~  surface runoff around the homes to the new l~er~  channel. 

Al~rnatively, the 10-year flows couM be ~ c ~ d  ~ the Gila River ~ong ~e  117 ~ Avenue ~ignment 

as shown on Al~rnatives 1 and 2. Howeve~ the Holly Ac~s  levee issues would then need to be 

a d d u c e d  as descfibed in Al~mative 1. 

C. E ~ m ~ d  ~ 

The estimated cos~ for the thee  ~tematives 

are summarized in Table 2. Almmative 1 is 

~gnificantly mo~ expensive than the other 

Mtematives due ~ the fight of way co~s for 

the de~ntion basins. Al~rnative 2 is the 

T a ~ e  2 - C ~ t  S u m m a ~  -... 

~ m ~  

A~I~I~ ~ D~enfi°l n 0 ~  Conveyance 

Alt. 3 - 1 ~  Conveyance 

Cost 

$8.7 Million 
$4.7 Mil ton 
$4.0 Million 

least cosily ~ r n ~ i v e  th~  provides 100- 

year pro~ction in the study are~ Al~rnative 3 provides a ~gnificant benefiL ~though not a 100- 

year flood protection benefig to a ~gnificant area at a somewh~ lower cost. A breakdown of the 

estimated cos~ is cont~ned in the Appendix. 

D. ~ i n t  ~ e c t  R~omm~da t ions  

The Mood Congol Distfi~ ~ Maricopa Coun~ (FCDMC) frequ~tly partic@ates in implementation 

of ~ o n ~  flood control p r o j ~  b~ed  on an i n ~ m ~  pfiofifizm~n p r e c i s  ~ p l ~ d  m proj~m 

pmp~ed  by v~ious entities wi~in ~ e  Count .  Cost sharing is one of the crimea included in the 

p~ofitiz~on, g ~e  agency proposing the project is willing to cost shoe ~e  pr~ecg ~ c ~  at a 

level of 50 perceng the project is s c o l d  mo~ highly than p r o j ~  wi~ no cost sharing. The 

Dibb~ & A ~ o ~ a t e s  14 Drainage Concept Repo~ 
Mamh 2~ 1998 115 ~ Avenue - Gi~  River BAdge ~ MC 85 



FCDMC is a good pmenti~ paaner in the imp~mentat~n of the Buckeye Feeder Can~ 

impmvemen~ 

S~t River Proj~t (SRP) is ~so a p~enfi~ partne~ b~ed on H~r need ~ ~ e  p ~ e n ~  lia~li~ 

from flooding caused by oveaopping of the Buckeye Feeder Can~. All He ~ m a f i v ~  p ~ n ~ d  

in His ~po~ utilize SRP fight of way and facilities and will ~qui~ e o o p e r ~ n  from SRP. 

DibMe & A ~ o ~ a ~ s  15 DraYage Concept Repo~ 
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3 COMBINED ~F 
~ CPOD3 470. 

DIVERS ION TO 
~ DIOC 85. 

HYDROG~ AT 
+ CPO04 385. 

ROUTED TO 
~ RTODMC 349. 

HYDROG~PH AT 
+ SUBMC 643. 

3 COMBINED AT 
+ CPMCI 983. 

DIVERSION TO 
+ DIMB 375. 

HYDROG~PB AT 
+ CPMC2 607. 

ROUTED TO 
+ RTMCI E 595. 

HYDROG~PH AT 
÷ SUBEB 137. 

HYDROG~PH AT 
+ CPEBI 451. 

2 CO~INED AT 
+ CPEB2 522. 

ROUTED TO 
+ RTEBIE 506. 

HYDROG~PH AT 
+ SUBIE 201. 

2 COMBINED AT 
+ CPIEI 680. 

2 CO~INED AT 
+ CPIE2 1015. 

ROUTED TO 
+ RTIEIB 986. 

HYDROG~PH AT 
+ SUBOC 421. 

HYDROG~PH AT 
+ CPOCI 85. 

ROUTED TO 
+ RTDIOC 67. 

2 COMBINED AT 
÷ CPOC2 421. 

ROUTED TO 
+ RTO~B 261. 

HYDROG~PH AT 
+ SUBS 631. 

HYDROG~PH AT 
÷ CP~ 375. 

ROUTED TO 
+ RTDIMB 352. 

3 COMBINED AT 
+ CPMBI 782. 

ROUTED TO 
+ RTMBIB 724. 

HYDROG~ AT 
+ SUBIB 326. 

• 

3 COMBINED AT 
÷ CPIB 1715. 

ROUTED TO 
* RTIBIA 1715. 

~DROG~PH AT 
÷ SUBME 218. 

DIBBLE dt ,4&~OCI.4TF~' 

16. t7 

16.17 

16.17 

17.42 

13.00 

14.17 

14.17 

14.17 

14.50 

12.42 

13.00 

12.83 

13.17 

12.83 

13.08 

14.25 

15.00 

12.25 

16.17 

18.58 

12.25 

13.33 

12.92 

14.17 

15.25 

13.25 

13.83 

12.92 

14.00 

14.08 

12.67 

320. 

58. 

263. 

253. 

221. 

603. 

231. 

372. 

369. 

24. 

211. 

234. 

232. 

62. 

289. 

628. 

611. 

67. 

58. 

53. 

95. 

88. 

210. 

231. 

223. 

439. 

433. 

102. 

1076. 

1076. 

45. 

~14 . 

21. 

93. 

89. 

57. 

203. 

78. 

125. 

123. 

6. 

58. 

64. 

63. 

16. 

79. 

198. 

190. 

19. 

21. 

19. 

39. 

37. 

53. 

78. 

74. 

155. 

150. 

26. 

363. 

362. 

12. 

II0. 

20. 

90. 

86. 

55. 

196. 

75. 

120. 

119. 

6. 

56. 

62. 

61. 

15. 

76. 

191. 

183. 

18. 

20. 

18. 

38. 

35. 

51. 

75. 

71. 

150. 

145. 

25. 

350. 

349. 

II. 

13.14 

13.14 

13.14 

13.14 

1.00 

16.40 

16.40 

16.40 

16.40 

.14 

2.75 

2.89 

2.89 

.26 

3.15 

16.80 

16.80 

.31 

13.14 

13.14 

.31 

.31 

.99 

16.40 

16.40 

18.19 

18.19 

.46 

18.56 

18.56 

.32 

I 15 TM A VF~VUE IMPROVEMFJCT STUD t 
EX/STtNG CONDtTtONS 

HEC.I S¢.a4,~r  



ROUTED ~) 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGKAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGBAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

DIBBLE&.4.£'ffX.'IATF2 

RTHEIA 

SUBIA 

CPIA 

RTIAHB 

SUBLD 

RTLD~ 

SUB~ 

C P ~  

RT~B 

SUBBB 

CPBB 

RTHBDA 

SUBED 

RTEDID 

SUBID 

CPID 

RTIDIC 

SUBIC 

CPIC 

RTICDA 

SUBDA 

CPDA 

RTDACC 

SUBEE 

CPEEI 

RTDIEE 

CPEC 

RTEE~ 

SUB~ 

CP~ 

RT~DC 

165. 

281. 

1831. 

1827. 

314. 

297. 

185. 

478. 

388. 

271. 

1944. 

1939. 

250. 

120. 

340. 

337. 

299. 

244. 

483. 

433. 

267. 

2325. 

2123. 

704. 

310. 

305. 

704. 

682. 

607. 

1230. 

1076. 

~3.50 

12.50 

14.00 

14.17 

12.25 

12.50 

12.50 

12.50 

13.08 

12.50 

14.08 

14.17 

13.00 

16.25 

12.83 

12.83 

13.67 

13.00 

13.58 

14.33 

12.58 

14.25 

15.58 

12.92 

14.75 

15.50 

12.92 

13.42 

13.00 

13.25 

14.50 

45. 

49. 

1131. 

1130. 

48. 

48. 

33. 

81. 

81. 

46. 

1223. 

1222. 

76. 

63. 

84. 

126. 

119. 

74. 

177. 

171. 

53. 

1392. 

1354. 

210. 

197. 

193. 

376. 

372. 

186. 

538. 

518. 

12. 

13. 

384. 

381. 

15. 

15. 

8. 

23. 

22. 

12. 

412. 

410. 

19. 

18. 

21. 

39. 

38, 

19. 

56. 

54. 

14. 

470. 

II. 

12. 

370. 

367. 

14. 

14. 

8. 

22. 

22. 

Ii. 

397. 

394. 

18. 

17. 

20. 

37. 

36, 

18. 

54. 

52. 

13. 

453. 

.32 

.31" 

19.19 

19.19 

.28 

.28 

.25 

.53 

.53 

.34 

20.06 

20.06 

.48 

.48 

.56 

1.04 

1.04 

.53 

1.57 

1.57 

.33 

21.96 

439. 423. 

56. 

56. 

54. 

ii0. 

109. 

45. 

153. 

147. 

58. 

58 

57 

115 

113 

47 

158 

152 

21.96 

1.43 

1.18 

1.18 

1.43 

1.43 

1.30 

2.73 

2.73 

115~AVF.NUEIMPRO~STUD~ 
E, WST~NG COND~T~ON~ 

HEC-I . ~ ¢ ~ Y  



+ 

÷ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

HY DROGRAPH AT 

SUBDC 545, 12.75 

2 COMBINED AT 

CPDC 1123, 14.42 

ROUTED TO 

RTDCCC 1028. 15.50 

HYDROGRAPH AT 

SUBDD 118. 12.33 

ROUTED TO 

RTDDCC 84. 13.33 

MY DROGRAPH AT 

SUBCC 691 . 12 . 67 

3 COMBINED AT 

CPCCI 1042. 15.50 

2 COMBINED AT 

CPCC2 3068. 15.58 

ROUTED TO 

RTCCCB 2979. 16.50 

HYDROGKAPH AT 

SUBLB 171 . 12 . 67 

ROUTED TO 

RTLBHA 130. 13.58 

HYDROGRAPH AT 

SUBHA 356. 12.42 

2 COMBINED AT 

CPHA 354 . 12 . 42 

ROUTED TO 

RTHAGD 216. 13.92 

HYDROGRAPH AT 

SUBKC 367 . 12 . 58 

ROUTED TO 

RTKCGD 247. 13.75 

HYDROGRAPH AT 

SUBGD 592 . 12 . 67 

HYDROGRAPH AT 

SUBGC 243. 12.25 

ROUTED TO 

RTGCGD 125 . 13.00 

4 COMBINED AT 

CPGD 696. 13.58 

ROUTED TO 

RTGDCB 627 . 14.50 

HYDROGRAPH AT 

SUBCB 540 . 12 . 92 

3 COMBINED AT 

CPCB 3205 . 16 . 42 

ROUTED TO 

RTCBCA 3073. 17 . 50 

HYDROGRAPH AT 

SUBGB 237 . 12.25 

ROUTED TO 

RTGBCA 81. 14.42 

HY DROGP.APH AT 

SUBCA 587. 13.08 

3 COMBINED AT 

C~CA 3084. 17.50 

ROUTED TO 

RTCABC 3058. 17.83 

HYDROGRAPH AT 

SUBBC 235 . 13 . 17 

2 cOMBINED AT 

CPBC 3057. 17.83 

DIBBI.~ ~ A.Y,~OClATE.S 

128. 32. 31. .84 

583. i~4. 177. 3.57 

566. 175. 169. 3.57 

17. 4. 4. .13 

17. 4. 4. .13 

146. 38. 37. .98 

636. 216. 208. 4.68 

1872. 636. 613. 26.64 

1857. 606. 583. 26.64 

34. 9. 8. .25 

34. 9. 8. .25 

59. 15. 15. .42 

91. 24. 23. .67 

88. 23. 22. .67 

67. 17. 16. .52 

65. 17 . 16. .52 

135. 34. 33. .77 

31. 9. 8. .21 

31. 9. 8. .21 

308. 81. 78. 2.17 

294. 80. 77. 2.17 

172. 44. 42. .74 

2039. 716. 690. 29.55 

2031. 673. 648. 29.55 

32. 9. 8. .23 

31. 8. 8. .23 

223. 57. 55. .97 

2052. 730. 704. 30.75 

2050. 714 . 688. 30.75 

81. 20. 20. .61 

2051. 732. 705. 31.36 

I I ~ A VENUE IMPROVEMENT A'rUDY 
~Xl..g'rlNG CONDInON$ 

HEC-I . ~ l ~ y  



~ 3 ~B[NED AT 
CDUM 

~ ~  AT 
~ SUBLC 

ROUTED TO 

+ RTLC~ 

H Y ~ P H  AT 
~ SUB~ 

2 COMBINED AT 
÷ CP~ 

ROUTED TO 
+ RT~B 

~ ~  AT 
+ SUBKB 

2 COMBINED AT 
+ CPKB 

HYDROG~PH AT 
+ S U B ~  

3 COMBINED AT 
+ C D ~  

HY DROG~PH AT 
+ S ~ B B  

ROUTED TO 
+ R T B B ~  

HYDKOG~PH AT 
+ S U B ~  

2 COMBINED AT 
+ C P ~  

H Y D R O G ~ R  AT 
+ R T ~  

2 C O ~ I N E D  AT 
+ C P ~  

*** NORMAL END OF HEC-I *** 

DIBBM" ff~ .4.~'(X?IATFi~ 

4239. 18.00 3292. 1393. 1341. 63.44 

109. 12.33 14. 4. 3. .i0 

55. 13.42 14. 4. 3. .10 

266. 12.83 70. 18. 17. .50 

293. 13.00 84. 21. 21. .60 

281. 13.33 83. 21. 21. .60 

322. 12.50 57. 15. 14. .42 

390. 13.08 138. 36. 34 . 1.02 

258. 12.08 18. 5. 5. .14 

4239. 18.00 3345. 1425. 1373. 64.60 

179. 12.75 43. Ii. I0. .25 

108. 14.58 41. Ii. I0. .25 

161. 12.92 48. 13. 12. .34 

160. 12.92 86. 23. 22. .59 

139. 13.58 61. 16. 15. .50 

273. 13.17 146. 39. 37. 1.09 

I l~m ~ VENUE I ~ R O  YFA4F, NT ~TUD~ 
~,XI~TING CONDITION~ 

HEC-I 5 ' U ~ R r  



3 COMBINED AT 
~ CPOD3 

DIVERSION TO 
+ DIOC 

HYDROG~PH AT 
÷ CPOD4 

ROUTED TO 
+ RTODMC 

HYDROG~ AT 
+ SUBMC 

3 COMBINED AT 
+ CPMCI 

~RSION TO 
+ DIMB 

HYDROG~ AT 
+ CPMC2 

ROUTED TO 
+ RTMCIE 

HYDROG~PH AT 
+ SUBEB 

HYDROG~PH AT 
+ CPEBI 

2 C~INED AT 
+ CPEB2 

ROUTED TO 
+ RTEBIE 

HYDROG~PH AT 
+ SUBIE 

2 COMBINED AT 
+ CPIEI 

ROUTED TO 
+ DETIE 

DI~RSION TO 
+ DETIER 

HYDROG~PH AT 
+ DIVIE 

2 COMBINED AT 
+ CPIE2 

ROUTED TO 
+ RTIEIB 

HYDROG~PH AT 
+ SUBOC 

HYDROG~PH AT 
+ CPOCI 

ROUTED TO 
+ RTDIOC 

2 COMBINED AT 
+ CPOC2 

ROUTED TO 
+ RTO~B 

HYDROG~PH AT 
+ SU~ 

HYDROG~PH AT 
+ CP~ 

ROUTED TO 
+ RTDIMB 

3 COMBINED AT 
+ CPMBI 

ROUTED TO 
÷ RTMBIB 

~RSION TO 
+ DETIBR 

D I B B ~ & ~ I A T ~  

470. 16.17 

85. 16.17 

385. 16.17 

349. 17.42 

643. 13.00 

983. 14.17 

375. 14.17 

607. 14.17 

595. 14.50 

137. 12.42 

451. 13.00 

522. 12.83 

506. 13.17 

201. 12.83 

680. 13.08 

283. 15.00 

283. 15.00 

0. .08 

595. 14.50 

562. 15.50 

421. 12.25 

85. 16.17 

67. 18.58 

421. 12.25 

261. 13.33 

631. 12.92 

375. 14.17 

352. 15~25 

782. 13.25 

724. 13.83 

250. 12.92 

320. 114. II0. 13.14 

58. 21. 20. 13.14 

263. 93. 90. 13.14 

253. 89. 86. 13.14 

221. 57. 55. 1.00 

603. 203. 196. 16.40 

231. 78. 75. 16.40 

372. 125. 120. 16.40 

369. 123. 119. 16.40 

24. 6. 6. .14 

211. 58. 56. 2.75 

234. 64. 62. 2.89 

232. 63. 61. 2.89 

62. 16. 15. .26 

289. 79. 76. 3.15 

250. 79. 76. 3.15 

250. 79. 76. 3.15 

0. 0. 0. 3.15 

369. 123. 119. 16.80 

357. 116. 112. 16.80 

67. 19. 18. .31 

58. 21. 20. 13.14 

53. 19. 18. 13.14 

95. 39. 38. .31 

88. 37. 35. .31 

210. 53. 51. .99 

231. 78. 75. 16.40 

2 2 3 .  7 4 .  7 1 .  16.4o 

439. 155. 150. 18.19 

433. 150~ 145. 18.19 

246. i03. I00. 18.19 

IISmAv~NUE/~V~'ROV~2t4~2V'F~7]IDy 
ALT£RN~D~£1-D£T£NrlON 

HI;C-/.~t~t,~y 



+ 

÷ 

÷ 

÷ 

+ 

÷ 

+ 

÷ 

+ 

+ 

+ • 

÷ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

H Y ~  AT 
DIVIB 

~ ~  AT 
SUBIB 

3 COMBINED AT 
CPIB 

ROUTED TO 
DETIB 

~ ~  AT 
CPIBIA 

H Y ~  AT 
CPIBIB 

3 C~BI~D AT 
CPIB2 

ROUTED TO 
RTIBIA 

~ ~  AT 
SUrE 

ROUTED TO 
RTMEIA 

HYDROG~PH AT 
SUBIA 

3 CO~INED AT 
CPIA 

ROUTED TO 
RT I~B 

DI~RSION TO 
DETD~ 

HYDROG~PH AT 
DIVDA 

HYDROG~PH AT 
SUBLD 

ROUTED TO 
RTLD~ 

HYDROG~PH AT 
SU~ 

2 COMBINED AT 
CP~ 

ROUTED TO 
RT~B 

HYDROG~PH AT 
SUBRB 

3 COMBINED AT 
CPHB 

ROUTED TO 
RTHBDA 

HYDROG~PH AT 
SUBED 

ROUTED TO 
RTEDID 

RYDROG~PR AT 
SUBID 

2 COMBINED AT 
. CPID 

ROUTED TO 
RTIDIC 

RYDROG~PH AT 

SUBIC 

2 COMBINED AT 
CPIC 

ROUTED TO 
RTICDA 

DIBBLE. & ASSOCIATe, S 

474. 13.83 

326. 12.92 

837. 15.25 

J 

448. 16.92 

283. 15.00 

250. 12.92 

949. 16.42 

948. 16.50 

218. 12.67 

165. 13.50 

281. 12.50 

960. 16.33 

960. 16.42 

660. 16.42 

300. 12.50 

314. 12.25 

297. 12.50 

185. 12.50 

478. 12.50 

388. 13.08 

271. 12.50 

756. 13.00 

746. 13.17 

250. 13.00 

120. 16.25 

340. 12.83 

337. 12.83 

299. 13.67 

244. 13.00 

483. 13.58 

433. 14.33 
• 

187. 47. 45. 18.19 

102. 26. 25. .46 

555. 186. 179. 18.56 

413. 174. 167. 18.56 

250. 79. 76. 3.15 

246. 103. 100. 18.19 

870. 352. 339. 18.56 

870. 351. 338. 18.56 

45. 12. ii. .32 

45. 12. Ii. .32 

49. 13. 12. .31 

908. 372. 359. 19.19 

908. 369. 355. 19.19 

608. 209. 201. 19.19 

300. 160. 154. 19.19 

48. 15. 14. .28 

48. 15. 14. .28 

33. 8. 8- .25 

81. 23. 22. .53 

81. 22. 22. .53 

46. 12. ii. .34 

406. 191. 184. 20.06 

405. 188. 182. 20.06 

76. 19. 18. .48 

63. 18. 17. .48 

84. 21. 20. .56 

126. 39. 37. 1.04 

119. 38. 36. 1.04 

74. 19. 18. .53 

177. 56. 54. 1.57 

171. 54. 52. 1.57 

I I 5 TM ~Vb~VU~ ~MI'ROV~I~'7"ST~/Dy 
ALTERNR~V~ I- D~TENTION 

HE(~I ~/~R¥ 



+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+. 

+ 

÷ 

+ 

* 

H Y ~  AT 

CPDAIA 

2 COMBINED AT 

CPIB2 

ROUTED TO 
DET~ 

~ ~  AT 
SUBDA 

3 COMBINED AT 

CP~ 

ROUTED TO 

RT~CC 

~ ~  AT 
SUBEE 

H Y ~  AT 
CPEEI 

ROUTED TO 

RTDIEE 

2 COMBINED AT 

CPEC 

ROUTED TO 
RTEE~ 

HYDROG~PH AT 

SUB~ 

2 COMBINED AT 

CP~ 

ROUTED TO 
RT~C 

MYDROG~PH AT 

SUBDC 

2 COMBINED AT 

CPDC 

ROUTED TO 

RTDCCC 

HYDROG~PH AT 

SUBDD 

ROUTED TO 

RTDDCC 

HY DROG~PH AT 

SUBCC 

3 CO~INED AT 

CPCCI 

2 COMBINED AT 

CPCC2 

ROUTED TO 

RTCCCB 

HYDROG~PH AT 

SUBLB 

ROUTED TO 

RTLB~ 

HYDROG~PH AT 

SUB~ 

2 COMBINED AT 
CP~ 

ROUTED TO 

RT~GD 

HYDROG~ AT 

SUBKC 

ROUTED TO 

RTKCGD 

HYDROG~PH AT 

SUBGD 

I)IB~I~" & .4.'~0C+I+41~q 

660. 16.42 608. 209, 201. 19.19 

1028. 14.42 760. 257. 248. 20.76 

414. 20.33 403. 175. 169. 20.76 

267. 12.58 53. 14. 13. .33 

962. 13.17 713. 376. 362. 21.96 

781. 14.92 706. 316. 305. 21.96 

704. 12.92 210. 58. 56. 1.43 

310. 14.75 197. 58. 56. 1.18 

305. 15.50 193. 57. 54. 1.18 

704. 12.92 376. 115. ii0. 1.43 

682. 13.42 372. 113. 109. 1.43 

607. 13.00 186. 47. 45. 1.30 

1230. 13.25 538. 158. 153. 2.73 

1076. 14.50 518. 152. 147. 2.73 

545. 12.75 128. 32. 31. .84 

1123. 14.42 583. 184. 177. 3.57 

1028. 15.50 566. 175. 169. 3.57 

118. 12.33 17. 4. 4. .13 

84. 13.33 17. 4. 4. .13 

691. 12.67 146. 38. 37. .98 

1042. 15.50 636. 216. 208. 4.68 

1684. 15.50 1210. 516. 497. 26.64 

1631. 16.42 1202. 469. 452. 26.64 

171. 12.67 34. 9. 8. .25 

130. 13.58 34. 9. 8. .25 

356. 12.42 59. 15. 15. .42 

354. 12.42 91. 24. 23. .67 

216. 13.92 88. 23. 22. .67 

367. 12.58 67. 17. 16. .52 

247. 13.75 65. 17. 16. .52 

592. 12.67 135. 34. 33. .77 

3 I l ~ ~ I ~ ' U E  ]M7 '~O ~Jt41~ 7' ,%~ ~ ~D y 
ALTERNA ~VE I- DETENnON 

HE¢ "-I . q t / ~ R y  



3 COMBINED ~ 
i* CPOD3 

DIVERS ION TO 
* DIOC 

HYDROGRAPH AT 
+ CPOD4 

ROUTED TO 
+ RTODMC 

HYDROGRAPH AT 
+ SUBMC 

3 COMBINED AT 
÷ CPMCI 

DIVERSION TO 
+ DIMB 

HYDROGRA~H AT 
+ CPMC2 

ROUTED TO 
+ RTMC I E 

HYDROGRAPH AT 

+ SUBEB 

BYDROGRAPH AT 
+ CPEBI 

2 COMBINED AT 
+ CPEB2 

ROUTED TO 
+ RTEBIE 

HYDROGRAPH AT 
+ SUBIE 

2 COMBINED AT 
+ CPIE1 

2 COMBINED AT 
+ CPIE2 

ROUTED TO 
+ RTIEIB 

HYDROGRAPH AT 
+ SUBOC 

HYDROGRAPH AT 
+ CPOCI 

ROUTED TO 
+ RTDIOC 

2 COMBINED AT 
+ cEoc2 

ROUTED TO 
+ RTOCMB 

HYDROGRAPH AT 
+ SUBMB 

HYDROGP, APB AT 
+ CPMB 

ROUTED TO 
+ RTDIMB 

3 COMBINED AT 
+ CPMBI 

ROUT£D TO 
+ RTMBIB 

HYDROGBAPH AT 
+ SUBIB 

3 COMBINED AT 
+ CPIB 

ROUTED TO 
+ RTIBIA 

HYDROGRAPH AT 
+ SUBME 

470. 16.17 320. [14. II0. 13.[4 

85. 16.17 58. 21. 20. 13.14 

385. 16.17 263. 93. 90. 13.14 

349. 17.42 253. 89. 86. 13.14 

643. 13.00 221. 57. 55. 1.00 

983. 14.17 603. 203. 196. 16.40 

375. 14.17 231. 78. 75. 16.40 

607. 14.17 372. 125. 120. 16.40 

595. 14.50 369. 123. 119. 16.40 

137. 12.42 24. 6. 6. .14 

451. 13.00 211. 58. 56. 2.75 

522. 12.83 234. 64. 62. 2.89 

506. 13.17 232. 63. 61. 2.89 

201. 12.83 62. 16. 15. .26 

680. 13.08 289. 79. 76. 3.15 

1015. 14.25 628. 198. 191. 16.80 

986. 15.00 611. 190. 183. 16.80 

421. 12.25 67. 19. 18. .31 

85. 16.17 58. 21. 20. 13.14 

67. 18.58 53. 19. 18. 13.14 

421. 12.25 95. 39. 38. .31 

261. 13.33 88. 37. 35. .31 

631. 12.92 210. 53. 51. .99 

375. 14.17 231. 78. 75. 16.40 

352. 15.25 223. 74. 71. 16.40 

782. 13.25 439. 155. 150. 18.19 

724. 13.83 433. 150. 145. 18.19 

326. 12.92 102. 26. 25. .46 

1715. 14.00 1076. 363. 350. 18.56 

1715. i4.08 1076. 362. 349. 18.56 

218. 12.67 45. 12. II. .32 

DIBBLE ~t A.KedgCIATF~ 
I I~m A VENU~ IMPROVF.MENTS771Dy 

AL TF_J~tA rlVK 2 - I O0 gR CON V£ YANC£ 
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÷ 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

ROUTED TO 

RTME IA 165. 13.50 45. I2. 11. .32 

HY DROGRAPH AT 

SUBIA 281. 12.50 49. 13. 12. .31 

3 COMBINED AT 

CPIA 1831. 14.00 1131. 384. 370. 19.19 

ROUTED TO 

RTIAHB 1827. 14.17 1130. 381. 367. 19.19 

HYDROGRAPH AT 

SUBLD 314. 12.25 ~8. 15. 14. .28 

ROUTED TO 

RTLDMA 297. 12.50 48. 15. 14. .28 

HYDROGRAPH AT 

SUBMA 185. 12.50 33. 8. 8. .25 

2 COMBINED AT 

CPMA 478. 12.50 81. 23. 22. .53 

ROUTED TO 

RTMAHB 388. 13.08 81. 22. 22. .53 

HYDROGRAPH AT 

SUBHB 271. 12.50 46. 12. II. .34 

3 COMBINED AT 

C~HB 1944. 14.08 1223. 412. 397. 20.06 

ROUTED TO 

RTRBDA 1939. 14.17 1222. 410. 394. 20.06 

HYDROGRAPH AT 

SUBED 250. 13.00 76. 19. 18. .48 

ROUTED TO 

RTEDID 120. 16.25 63. 18. 17. .48 

HYDROGRAPH AT 

SUBID 340. 12.83 84. 21. 20. .56 

2 COMBINED AT 

CPID 337. 12.83 126. 39. 37. 1.04 

ROUTED TO 

RTIDIC 299 . 13 . 67 119 . 38 . 36 . 1 . 04 

HYDROGRAPR AT 

SUBIC 244. 13.00 74. 19. 18. .53 

2 COMBINED AT 

CPIC 483. 13.58 177. 56. 54. 1.57 

ROUTED TO 

RTICDA 433. 14.33 171. 54. 52. 1.57 

HYDROGP.APH AT 

SUBDA 267 . 12.58 53 . 14 . 13 . . 33 

3 COMBINED AT 

CPDA 2325. 14.25 1392. 470. 453. 21.96 

ROUTED TO 

RTDACC 2123. 15.58 1354. 439. 423. 21.96 

HYDROGRAPH AT 

SUBEE 704. 12.92 210. 58. 56. 1.43 

HYDROGRAPR AT 

CPEEI 310. 14.75 197. 58. 56. 1.18 

ROUTED TO 

RTDIEE 305. 15.50 193. 57. 54. 1.18 

2 COMBINED AT 

CPEC 704 . 12.92 376. 115. II0. 1.43 

ROUTED TO 

RTEEEA 682. 13.42 372. 113. 109. 1.43 

HYDROGRAPH AT 

SUBEA 607. 13.00 186. 47. 45. 1.30 

2 COMBINED AT 

CPEA 1230. 13.25 538 . 158 . 153. 2.73 

ROUTED TO 

RTEADC 1076. 14.50 518. 152. 147. 2.73 

DIBBLE & A3SO~7~TF.3 2 I I .,¢" At,'F~UE II~ROI,'EMF_NT S'rUD~ 

ALTERNA~VE 2-  IOOYR CONYEYANCE 
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HYDROGRAPH AT 

SUBDC 545. 12.75 ~28. 32. 3~. .84 

2 COHB[NED ~T 

CPDC 1123. 14.42 583. 184. 177. 3.57 

ROUTED TO 

RTDCCC 1028. 15.50 566, 175. 169. 3.57 

HYDROGRAPH AT 

SUBDD 118. 12.33 17. 4. 4. .13 

ROUTED TO 

RTDDCC 84. 13.33 17. 4. 4. .13 

HYDROGRAPH AT 

SUBCC 691. 12.67 146. 38. 37. .98 

3 COMBINED AT 

CPCCI 1042. 15.50 636. 216. 208. 4.68 

2 COMBINED AT 

CPCC2 3068 ; 15.58 1872. 636. 613. 26.64 

ROUTED TO 

RTCCCB 2979. 16.50 '1857. 606. 583. 26.64 

HYDROGRAPH AT 

SUBLB 171. 12.67 34. 9. 8. .25 

ROUTED TO 

RTLBHA 130. 13.58 34. 9. 8. .25 

HYDROGRAPH AT 

SUBHA 356. 12.42 59. 15. 15. .42 

2 COMBINED AT 

CPHA 354. 12.42 91. 24. 23. .67 

ROUTED TO 

RTHAGD 216 . 13 . 92 88 . 23 . 22 . . 67 

HYDROGRAPH AT 

SUBKC 367. 12.58 67. 17. 16. .52 

ROUTED TO 

RTKCGD 247. 13.75 65. 17. 16. .52 

HYDROGRAPH AT 

SUBGD 592. 12.67 135. 34. 33. .77 

BYDROGRAPH AT 

SUBGC 243. 12.25 31. 9. 8. .21 

ROUTED TO 

RTGCGD 125. 13.00 31. 9. 8. .21 

4 COMBINED AT 

CPGD 696. 13.58 308. 81. 78. 2.17 

ROUTED TO 

RTGDCB 627. 14.50 294. 80. 77. 2.17 

HYDROGRAPH AT 

SUBCB 540. 12.92 172. 44. 42. .74 

2 COMBINED AT 

CPCB 783. 14.00 441. 123. 118. 2.91 

ROUTED TO 

RTCBCA 735. 15.50 421. 118. 114. 2.91 

HYDROGRAPH AT 

SUBGB 237. 12.25 32. 9. 8. .23 

ROUTED TO 

RTGBCA 81. 14.42 31. 8. 8. .23 

HYDROGRAPH AT 

SUBCA 587. 13.08 223. 57. 55. . 97 

3 COMBINED AT 

CPCA 893. 15.17 613. 183. 176. 4.11 

ROUTED TO 

RTCABC 886. 15.50 608. 181. 174. 4.11 

HYDROGRAPH AT 

SUBBC 235. 13.17 81. 20. 20. .61 

2 COMBINED AT 
CPBC 914 • 15.42 675. 200. 193. 4.72 

DIBBLE & ,4~£0C1~TF_.3 
I I . ~  AVF.NUE I A 4 P R O ~  ~ / D r  

AL TERNa ~VE 2 - I OOYRCoNw. YA~¢E 
HEC-I ~LT~,4.4Ry 



3 COMBINED AT 
~ ,* CDUM 3569. 

HYDROGRAPH AT 

* SUBLC 109. 

ROUTED TO 
÷ RTLCLA 55. 

HYDROGRAPH AT 
+ SUBLA 266, 

2 COMBINED AT 
+ CPLA 293. 

ROUTED TO 
+ RTLAKB 281. 

HYDROGRAPH AT 
+ SUBKB 322. 

2 COMBINED AT 
+ CPKB 390. 

HYDROGRAPH AT 
+ SUBGA 258. 

3 COMBINED AT 

+ CDUM 3577. 

HYDROGRAPH AT 
+ SUBBB 1 ~ 9 .  

ROUTED TO 
+ RTBB~Jk 108. 

HYDROGRA~H AT 
+ SUBBA 161. 

2 COMBINED AT 
+ CPBA 160. 

HYDROGRAPH AT 
+ RTBAAA 139. 

2 COMBINED AT 
+ CPAA 273, 

*** NORMAL END OF HEC-I *** 

DIBBI, F.&.~X~OCIA~£2 

16.42 2694. 1058. 1019. 48.65 

12.33 14. 4. 3. .I0 

13.42 14. 4. 3. .i0 

12.83 70. 18. 17. .50 

13.00 84. 21. 21. .60 

13.33 83. 21. 21. .60 

12.50 57. 15. 14. .42 

13.08 138. 36. 34. 1.02 

12.08 18. 5. 5. .14 

16.42 2714. 1091. 1051. 49.81 

12.75 43. ii. I0. .25 

14.58 41. 11. 10. .25 

12.92 48. 13. 12. .34 

12.92 86. 23. 22. .59 

13.58 61. 16. 15. .50 

13.17 146. 39. 37. 1.09 

115"A~=NUEIMPROrE.'WF.~STUDg 
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3 COMBINED AT 
~" 

DIVERSION TO 
+ 

HYDROGKAPH AT 
+ 

ROUTED TO 
÷ 

CPOD3 

DrOC 

C~OD4 

RTODMC 

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

DIVERSION TO 
÷ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

SUBMC 

CPMCI 

DIMB 

CPMC2 

RTMCIE 

HYDROGRAPH AT 
÷ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

S~EB 

CPEBI 

CPEB2 

RTEBIE 

HYDROGRAPR AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
+ 

SUBIE 

CPIE 

RTIEIB 

HYDROGRAPH AT 
÷ 

HYDROGRAPH AT 
+ 

ROUTED TO 
* 

SUBOC 

" C P O C I  

RTDIOC 

DlaBL£&ASSOCI~TF,3 

.53 

.53 

.53 

.53 

1.00 

2.99 

2.99 

2.99 

2.99 

.14 

.00 

.14 

.14 

.26 

3.39 

3.39 

.31 

.00 

.00 

I FLOW 106. 211. 267, 368. 471. 579. 
TIME 12.67 12.67 12.67 12.67 16.17 15.92 

1 FLOW 19. 38. 48. 66. 85. 104. 
TIME 12.67 12.67 12.67 12.67 16.17 15.92 

1 FLOW 87. 173. 219. 301. 386. 475. 
TIME 12.67 12.67 12.67 12.67 16.17 15.92 

1 FLOW 42. i01. 141. 227. 351. 438. 
TIME 15.08 14.58 14.25 18.08 17.42 17.08 

** PEAK STAGES IN FEET ** 
1 STAGE .85 1.17 1.30 1.52 

TIME 15.08 14.58 14.25 18.08 
1.76 1.90 

17.42 17.08 

1 FLOW 150. 305. 387. 532. 618. 674. 
TIME 13.00 13.00 13.00 13.00 13.00 13.00 

I FLOW 151. 352. 504. 802. 994. i121. 
TIME 13.00 14.58 14.33 14.17 14.08 14.08 

1 FLOW 59. 136. 194. 307. 380. 428. 
TIME 13.00 14.58 14.33 14.17 14.08 14.08 

1 FLOW 92. 216. 311. 495. 615. 693. 
TIME 13.00 14.58 14.33 14.17 14.08 14.08 

1 FLOW 77. 205. 295. 480. 
TIME 13.75 15.00 14.75 14.50 

** PF2%K STAGES IN FEET ** 
1 STAGE 1.02 1.41 1.58 1.87 

TIME 13.75 15.00 14.75 14.50 

602. 682. 
14.42 14.42 

2.03 2.12 
14.42 14.42 

1 FLOW 34. 65. 81. Iii. 129. 141. 
TIME 12.50 12.42 12.42 12.42 12.42 12.42 

1 FLOW 105. 217. 274. 377. 438. 478. 
TIME 13.08 13.00 13.00 13.00 13.00 13.00 

1 FLOW 120. 248. 314. 434. 506. 553. 
TIME 12.83 12.83 12.83 12.83 12.83 12.83 

1 FLOW 107. 237. 302. 420. 
TIME 13.50 13.25 13.25 13.25 

** PEAK STAGES IN FEET ** 
1 STAGE 1.18 1.52 1.64 1.84 

TIME 13.50 13.25 13.25 13.25 

491. 538. 
13.17 13.17 

I. 95 2.01 
13.17 13.17 

1 FLOW 53. I01. 124. 166. 191. 207. 
TIME 12.83 12.83 12.83 12.83 12.83 12.83 

1 FLOW 211. 477. 612. 864. i010. 1123. 
TIME 13.50 13.33 13.25 13.25 13.25 14.08 

1 FLOW 170. 412. 545. 796. 
TIME 15.08 14.50 14.42 14.33 

** PEAK STAGES IN FEET "* 
1 STAGE 1.41 1.90 2.11 2.43 

TIME 15.08 14.50 14.42 14.33 

968. 1098. 
14.83 14.83 

2.62 2.75 
14.83 14.83 

1 FLOW 105. 200. 252. 345. 400. 435. 
TIME 12.33 12.25 12.25 12.25 12.25 12.25 

1 FLOW 19. 38. 48. 66. 85. 104. 
TIME 12.67 12.67 12.67 12,67 16.17 15.92 

1 FLOW 6. 14. 20. 44. 
TIME 16.75 16.00 15.83 19.42 

** FEAK STAGES IN FEET *" 

67. 85. 
18.58 17.92 

II~YEHUEIA4PROFE~#ENT~TUD~ 
ALTERNA~V£3-IOFR CONVEFANCE 

HEC-ISt/t~tARy 



I ~ ,- '3Z 

# 
2 COMBINED AT 

CPOC2 

ROUTED TO 
+ RTOCMB 

HYDROGRAPH AT 
÷ 

~ ~  AT 
÷ 

SUBMB 

CPMB 

ROUTED TO 
+ RTDIMB 

3 CO~I~D AT 
+ 

ROUTED TO 
+ 

CPMEI 

RTMBIB 

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
+ 

SUBIB 

CPIB 

RTIBIA 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

SUBME 

R ~  

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
÷ 

SUBIA 

CPIA 

RTIAHB 

HYDROGKAPH AT 
÷ SUBLD 

ROUTED TO 
÷ RTLDMA 

DIBBLEt'~$e, OCIATF...T 

.31 

.31 

.99 

.00 

.00 

1.30 

1.30 

.46 

5.15 

5.15 

.32 

.32 

.31 

5.78 

5.78 

.28 

.28 

I STAGE .43 .64 .76 1.02 [.18 [.27 
TiME 16.83 16.00 15.83 19.42 18.58 [7.92 

I FLOW 106. 200. 252. 345. 400. 436. 
TIME 12.33 12.25 12.25 12.25 12.25 12.25 

1 FLOW 39. 91. 124. 195. 242. 274. 
TIME 14.25 13.83 13.75 13.42 13.42 13.33 

t* PEAK STAGES IN FEET * "  

1 STAGE .76 1.04 1.15 1.33 
TIME 14.25 13.83 13.75 13.42 

1.43 1.49 
13.42 13.33 

1 FLOW 133. 292. 374. 520. 606. 662. 
TIME 13.08 13.08 13.08 13.00 13.00 12.92 

1 FLOW 59. 136. 194. 307. 380. 428. 
TIME 13.00 14.58 14.33 14.17 14.08 14.08 

1 FLOW 41. 117. 172. 282. 355. 404. 
TIME 17.42 16.08 15.67 15.33 15.17 15.17 

* *  PEAK STAGES IN FEET ** 

1 STAGE .84 1.24 1.39 1.63 
TIME 17.42 16.08 15.67 15.33 

1.76 1.84 
15.17 15.17 

i FLOW 135. 313. 429. 662. 799. 895~ 
TIME 13.08 13.42 13.42 13.42 13.25 13.17 

1 FLOW 110. 291. 397. 608. 740. 826. 
TIME 14.17 14.00 13.92 13.83 13.83 13.75 

* *  PEAK STAGES IN FEET ** 
1 STAGE 1.29 1.77 1.98 2.31 

TIME 14.17 14.00 13.92 13.83 
2.50 2.60 

13.83 13.75 

1 FLOW 84. 162. 200. 269. 311. 338. 
TIME 12.92 12.92 12.83 12.92 12.92 12.92 

1 FLOW 266. 700. 959. 1449. 1751. 1949. 
TIME 15.00 14.42 14.25 14.08 14.00 14.00 

1 FLOW 265. 699. 957. 1446. 1751. 1946. 
TIME 15.08 14.42 14.25 14.08 14.08 14.08 

** PEAK STAGES IN FEET ** 
1 STAGE 1.24 1.68 1.87 2.17 

TIME 15.08 14.42 14.25 14.08 
2.33 2.43 

14.08 14.08 

1 FLOW 33. 82. 114. 169. 205. 228. 
TIME 12.67 12.67 12.67 12.67 12.67 12.67 

1 FLOW 17. 51. 74. 121. 152. 174. 
TIME 14.33 13.92 13.83 13.67 13.50 13.42 

** PEAK STAGES IN FEET ** 
1 STAGE .55 .85 1.00 1.17 

TIME 14.33 13.92 13.83 13.67 
1.26 1.31 

13.50 13.42 

I FLOW 47. iii. 150. 223. 265. 292. 
TIME 12.50 12.50 12.50 12.50 12.50 12.50 

1 FLOW 279. 743. 1022. 1547. 1875. 2085. 
TIME 15.00 14.42 14.25 14.08. 14.00 14.00 

1 FLOW 277. 739. 1018. 1542. 1870. 2081. 
TIME 15.25 14.58 14.42 14.17 14.17 14.08 

t. PEAK STAGES IN FEET °* 

1 STAGE 1.41 2.03 2.26 2.61 
TIME 15.25 14.58 14.42 14.17 

2.79 2.90 
14.17 14.08 

1 FLOW 58. 129. 168. 247. 295. 326. 
TIME 12.33 12.33 12.33 12.25 12.25 12.25 

1 FLOW 49. 112. 152. 227. 275. 311. 

II~3YF3VUEIMPRO~3TUD~ 
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~ O G ~  AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

SUSMA 

CP~ 

RTMAHB 

H Y ~  AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
÷ 

SUBHB 

CPHB 

RTHBDA 

~ R A ~  AT 
+ 

ROUTED TO 
+ 

SUBED 

RTEDID 

HYDROGRAPH AT 
+ SUBID 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

CPID 

RTIDIC 

HYDROGRAPH AT 
+ SUBIC 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

CPIC 

RTICDA 

HYDROGRAPH AT 
+ SUBDA 

3 COMBINED AT 
+ CPDA 

ROUTED TO 
÷ RTDACC 

D/BBI.E&A.YJOCIATF.,S 

.25 

.53 

.53 

6.65 

6.65 

.48 

.48 

.56 

1.04 

1.04 

.53 

1.57 

1.57 

.33 

8.55 

8.55 

TIME 12.67 12.67 12.58 

*" PEAK STAGES IN FEET '' 
i STAGE .56 .77 

TIME 12.67 12.67 

1 FLOW 40. 80. 
TIME 12.58 12.50 

1 FLOW 87. 191. 
TIME 12.67 12.58 

1 FLOW 58. 138. 
TIME 13.67 13.42 

* *  PF~ STAGES IN FEET ** 
1 STAGE .78 1.07 

TIME 13.67 13.42 

.85 
12.58 

103. 
12.50 

255. 
12.58 

184. 
13.33 

1.19 
13.33 

1 FLOW 38. " i01. 141. 
TIME 12.50 12.50 12.50 

1 FLOW 293. 788. 1088. 
TIME 15.25 14.50 14.33 

1 FLOW 291. 784. 1082. 
TIME 15.33 14.67 14.42 

** PEAK STAGES IN FEET ** 
1 STAGE 1.30 1.80 2.02 

TIME 15.33 14.67 14.42 

1 FLOW 58. 114. 143. 
TIME 13.00 13.00 13.00 

1 FLOW 16. 39. 52. 
TIME 19.17 17.83 17.17 

** PEAK STAGES IN FEET ** 
1 STAGE .82 1.14 1.26 

TIME 19.17 17.83 17.17 

1 FLOW 49. 129. 179. 
TIME 12.83 12.83 12.83 

1 FLOW 49. 129. 179. 
TIME 12.83 12.83 12.83 

1 FLOW 32. 99. 146. 
TIME 14.58 14.17 13.92 

* *  9F_J~K STAGES IN FEET ** 
1 STAGE .62 .96 i. II 

TIME 14.58 14.17 13.92 

1 FLOW 30. 88. 125. 
TIME 13.00 13.00 13.00 

1 FLOW 40. 141. 221. 
TIME 14.42 13.92 13.83 

1 FLOW 33. 121. 186. 
TIME 16.17 15.17 14.83 

*" PEAK STAGES IN FEET "* 
1 STAGE .64 1.07 1.25 

TIME 16.17 15.17 14.83 

1 FLOW 42. 103. 142. 
TIME 12.58 12.58 12.58 

1 FLOW 318. 880. 1240. 
TIME 15.42 . 14.75 14.50 

1 FLOW 277. 777. 1104. 
TIME 17.42 16.33 16.08 

12.58 ~ . 5 0  12.50 

.99 1.07 1.10 
12.58 12.50 12.50 

146. 174. 191. 
12.50 12.50 12.50 

373. 449. 502. 
12.58 12.50 12.50 

297. 364. 410. 
13.17 13.08 13.08 

1.38 1.48 1.53 
13.17 13.08 13.08 

211. 255. 282. 
12.50 12.50 12.50 

1647. 1996. 2221. 
14.17 14.08 14.00 

1641. 1991. 2214. 
14.25 14.17 14.08 

2.35 2.53 2.64 
14.25 14.17 14.08 

200. 237. 261. 
13.00 13.00 13.00 

86. 111. 127. 
16.58 16.33 16.25 

1.48 1.60 1.67 
16.58 16.33 16.25 

-269. 322. 357. 
12.83 12.83 12.83 

269. 322. 357. 
12.83 12.83 12.83 

232. 284. 318. 
13.75 13.67 13.67 

1.30 1.39 1.45 
13.75 13.67 13.67 

192. 231. 256. 
13.00 13.00 13.00 

368. 460. 518. 
13.58 13.58 13.58 

327. 411. 467. 
14.50 14.33 14.33 

1.49 1.60 1.67 
14.50 14.33 14.33 

211. 252. 278. 
12.58 12.58 12.58 

1957. 2398. 2680. 
14.33 14.25 14.17 

1760. 2175. 2448. 
15.83 15.67 15.67 

IA~AVF.,VUEIMPROVEA~F.NTSTUDF 
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~ ~  AT 
, 

H Y ~  AT 
÷ 

ROUTED TO 
+ 

SUBEE 

CPEEI 

RTDIEE 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

CPEC 

RTEEKA 

~ R A P H  AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
÷ 

SUBEA 

CP~ 

RTKADC 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

SUBDC 

CPDC 

RTDCCC 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

SUBDD 

RTDDCC 

HYDROG~APH AT 
+ 

3 COMBINED AT 
+ 

2 COMBINED AT 
+ 

8OUTED TO 
+ 

SUBCC 

CPCCI 

CPCC2 

RTCCCB 

DIBBLE & A,~Ot'ldTl~" 

1.43 

.00 

.00 

1.43 

1.43 

1.30 

2.73 

2.73 

.84 

3.57 

3.57 

.13 

.13 

.98 

4.68 

13.23 

13.23 

~ " PEAK STAGES IN FEET • " 

1 STAGE 2.05 3.04 3.50 4.23 4.61 4.85 
TIME 17.42 16.33 16.08 15.83 15.67 15.67 

1 FLOW 102. 265. 363. 554 . 673. 749. 
TIME 12.92 12.92 12.92 12.92 12.92 12.92 

I FLOW 45. 104 . 146. 233. 291. 329. 
TIME 12.92 15.00 15.00 14.83 14.75 14.75 

1 FLOW 36. i01. 144. 230. 287. 324 . 
TIME 17.33 16.17 15.92 15.58 15.50 15.42 

"* PEAK STAGES IN FEET * *  

1 STAGE .54 .80 .89 1.07 1.15 1.20 
TIME 17.33 16.17 15.92 15.58 15.50 15.42 

1 FLOW 102. 265. 363. 554 . 673. 749. 
TIME 12.92 12.92 12.92 12.92 12.92 12.92 

1 FLOW 93. 251. 346. 532. 652. 727. 
TIME 13.83 13.58 13.50 13.42 13.42 13.42 

** PEAK STAGES IN FEET ** 

1 STAGE .83 1.18 1.32 1.54 1.66 1.73 
TIME 13.83 ~3.58 13.50 13.42 13.42 13.42 

1 FLOW 103. 248. 334. 489. 581. 642. 
TIME 13.00 13.00 13.00 13.00 13.00 13.00 

1 FLOW 169. 459. 631. 972. 1186. 1320. 
TIME 13.67 13.50 13.33 13.25 13.25 13.25 

1 FLOW 124. 372. 531. 841. 1035. 1162. 
TIME 15.58 14.83 14.75 14.58 14.50 14.42 

** PEAK STAGES IN FEET ** 

1 STAGE 1.37 1.99 2.26 2.69 2.92 3.06 
TIME 15.58 14.83 14.75 14.58 14.50 14.42 

1 FLOW 90. 218. 297. 436. 519. 574. 
TIME 12.75 12.75 12.75 12.75 12.75 12.75 

1 FLOW 125. 381. 550. 877. 1082. 1221. 
TIME 15.58 14.83 14.67 14.50 14.42 14.42 

1 FLOW i00. 333. 486. 793. 988. 1118. 
TIME 17.75 16.25 16.00 15.67 15.50 15.50 

** PEAK STAGES IN FEET ** 

1 STAGE 1.26 1.86 2.13 2.56 2.79 2.93 
TIME 17.75 16.25 16.00 15.67 15.50 15.50 

1 FLOW 12. 41. 58. 90. II0. 122. 
~IME 12.42 12.42 12.33 12.33 12.33 12.33 

1 FLOW 5 . 23. 36. 62. 77. 86. 
TIME 14.42 13.75 13.50 13.33 13.33 13.33 

** PEAK STAGES IN FEET ** 

1 STAGE .25 .45 .55 .66 .73 .77 
TIME 14.42 13.75 13.50 13.33 13.33 13.33 

1 FLOW I01. 257. 358. 547. 659. 731. 
TIME 12.67 12.67 12.67 12.67 12.67 12.67 

1 FLOW i01. 337. 495. 809. 1007. 1139. 
TIME 12.67 16.25 15.92 15.67 15.50 15.50 

1 FLOW 375. 1113. 1593. 2561. 3174. 3579. 
TIME 17.58 16.33 16.00 15.75 15.58 15.58 

1 FLoW 361 . 1073 . 1539. 2483 . 3086 . 3487 . 
TIME 18.83 17.33 17.08 16.67 16.50 16.42 

* *  PEAK STAGES IN FEET "" 

I 15m ~ VF.NUE IMPROVF2.4F.NTSTUDY 
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HYDSOGRAPH AT 
+ 

ROUTED TO * 

SUBL8 

RTLBHA 

~ ~  AT + 

2 COMBINED AT + 

ROUTED TO + 

SUBHA 

CP~ 

RTHAGD 

H Y ~  AT + 

ROUTED TO + 

HYDROGRAPH AT + 

HYDROGRAPH AT + 

ROUTED TO + 

4 COMBINED AT + 

ROUTED TO + 

HYDROGRAPH AT + 

3 COMBINED AT + 

ROUTED TO + 

HYDROGRAPH AT + 

ROUTED TO + 

SUBKC 

" RTKCGD 

SUBGD 

SUBGC 

RTGCGD 

CPGD 

RTGDCB 

SUBCB 

CPCB 

RTCBCA 

SUBGB 

RTGBCA 

Z)/BBLP-.'d~,C~O(.'IAT~%" 

.25 

.25 

.42 

.67 

.67 

.52 

.52 

.77 

.21 

.21 

2.17 

2.17 

.74 

16.14 

16.14 

.23 

.23 

I T [MESTAGE 18.1.8385 17.2.3378 17 .], 082 [ 16.3"6789 16.4"2550 16.424.47 

1 T[MEFLOW 12.6738. 12.6775. 12.6796. 12.67136" 12.67161" 12178".67 

I T IMEFLOW 1421..25 13.48.92 13.64.83 1397".67 13.12158" 13.58136" 

** PEAK STAGES IN FEET ** 

1 TIMESTAGE 14.25.59 13.92.83 13.83 .92 13.671"08 13.581"15 13.581"19 

1 TIMEFLOW 12.5058. 12.139.50 12191..42 12282".42 12337".42 12.372"42 

I TIMEFLOW 12.5058. 12.50139 . 12.42191 . 12.42282. 12.42337. 12.42372. 

1 TIMEFLOW 15.5022. 1463..42 1498.. 17 14161".00 13.92203. 13230".83 

** PEAK STAGES IN FEET ** 

1 TIMESTAGE 15.50.72 14.421.07 14.171"23 14.1"4700 13.921"60 13.831"67 

1 TIMEFLOW 12.5863. 12.58147 . 12199..58 12.58289. 12.58347. 12.58384. 

1 TIMEFLOW 14.9226. 14.4275. 14.17112 . 13.178"83 . 13.231"75 13.67262. 

** PEAK STAGES IN FEET ** 

1 T IMESTAGE 14..6192 14.42.95 141.09.17 13.831"28 13.751"38 131.67 .44 

1 TIMEFLOW 12.67103 . 12.67249 . 12.67333 . 12.478"67 12.565"67 12.67621" 

I TIMEFLOW 12.29.33 12.2589. 12120".25 12.25187" 12.25227. 12252".25 

1 TIMEFLOW 13.839 . 13.4234. 13.3348. 13.1786. 13.112"00 13.00133" 

** PEAK STAGES IN FEET ** 

1 TIMESTAGE 13..5083 13..4283 13.33.96 131.17 "17 13.001"28 131.00 .34 

1 TIMEFLOW 12.67105 . 12.67258 . 12.67347 . 12.75521" 13.58658. 13.58763. 

1 TIMEFLOW 16"5849. 14166..58 14258..92 14458..58 14.50595 . 14686".42 

** PEAK STAGES IN FEET ** 
1 TIMESTAGE 16.581.06 14.581.57 14.921.82 14.582.25 14.2"4850 14.422.62 

1 TIMEFLOW 12.92124 . 12.259.92 12.327.92 12448".92 12.92518" 12563".92 

1 TIMEFLOW 18.83397 . 17.331164. 17.001667. 16.582681" 16.423334. 16.333768. 

1 TIMEFLOW 20.67375 . 18.1097.83 18.1573.33 172544".83 173169".67 173586".58 

*~ PEAK STAGES IN FEET ~* 

1 TIMESTAGE 202.67.24 18.833.41 18.333.95 17.834.80 17.675.28 17.585.60 

I TIMEFLOW 12.3324. 12.3384. 12.i15.33 12.181"33 12.25221" 12.247"25 

1 FLOW 5. 21. 31. 56. 74. 85. 
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~ ~  AT 
+ 

3 COMBINED AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
÷ 

2 COMBINED AT 
+ 

3 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

2 COMBINED AT 
+ 

HYDROGRAPH AT 
+ 

3 COMBINED AT 
+ 

HYDROG~APH AT 
+ 

ROUTED TO 
+ 

HYDROGRAPH AT 
+ 

SUBCA 

CP~ 

RT~C 

SUBBC 

CPBC 

CD~ 

SUBLC 

RTLCLA 

SUBLA 

CP~ 

RT~ 

SUBKB 

CPKB 

SUBGA 

CD~ 

SUBBB 

RTBBBA 

SUBSA 

.97 

17.34 

17.34 

.61 

17.95 

52.73 

.10 

.10 

.50 

.60 

.60 

.42 

1.02 

.14 

53.89 

.25 

.25 

.34 

TIME 16.50 [5.33 15.00 

~" PEAK STAGES IN FEET * *  

1 STAGE .35 .65 .77 
TIME 16.50 15.33 15.00 

1 FLOW 153. 294. 364. 
TIME 13.17 13.08 13.08 

1 FLOW 377. 1102. 1585. 
TIME 20.67 18.83 18.33 

1 FLOW 372. 1092. 1569. 
TIME 21.25 19.25 18.75 

** PEAK STAGES IN FEET ** 
1 STAGE 1.96 2.96 3.40 

TIME 21.25 19.25 18.75 

1 FLOW 25. 80. 116. 
TIME 13.17 13.17 13.17 

1 FLOW 372. 1092. 1571. 
TIME 21.25 19.25 18.75 

1 FLOW 638. 1524. 2115. 
TIME 13.42 13.33 18.58 

1 FLOW 21. 46. 60. 
TIME 12.33 12.33 12.33 

1 FLOW 7. 18. 26. 
TIME 14.00 13.67 13.58 

** PEAK STAGES IN FEET ** 
1 STAGE .33 .53 .61 

TIME 14.00 13.67 13.58 

1 FLOW 45. 106. 144. 
TIME 12.92 12.83 12.83 

1 FLOW 46. 109. 150. 
TIME 12.92 12.92 12.92 

1 FLOW 39. 99. 140. 
TIME 13.75 13.58 13.50 

* *  PEAK STAGES IN FEET ** 
1 STAGE .65 .96 1.08 

TIME 13.75 13.58 13.50 

1 FLOW 34. 112. 159. 
TIME 12.58 12.50 12.50 

1 FLOW 43. 121. 179. 
TIME 13.67 13.33 13.17 

1 FLOW 20. 93. 132, 
TIME 12.08 12.08 12.08 

1 FLOW 680. 1646. 2221. 
TIME 13.42 13.33 13.33 

1 FLOW 29. 71. 97. 
TIME 12.75 12.75 12.75 

1 FLOW i0. 33. 49. 
TIME 16.25 15.33 15.08 

** PEAK STAGES IN FEET ** 
1 STAGE .49 .78 .90 

TIME 16.25 15.33 15.08 

1 FLOW 21. 57. 81. 
TIME 13.00 13.00 13.00 

DIBBI~'&A.£'~OC'IATI.~" 

14.67 14.42 14.33 

• 98 1.07 1.12 
14.67 14.42 14.33 

4 8 9 .  5 6 5 .  6 1 4 .  

13.08 13.08 13.08 

2562. 3191. 3613. 
17.83 17.67 17.58 

2540. 3167. 3588. 
18.17 18.00 17.92 

4.09 4.46 4.67 
18.17 18.00 17.92 

182. 222. 247. 
13.17 13.17 13.17 

2543. 3171. 3592. 
18.17 18.00 17.92 

3761. 4909. 5672. 
18.42 18.00 17.92 

86. 102. 112. 
12.33 12.33 12.33 

40. 51. 57. 
13.42 13.42 13.33 

.74 .80 .84 
13.42 13.42 13.33 

210. 252. 278. 
12.83 12.83 12.83 

227. 277. 308. 
13.00 13.00 13.00 

215. 265. 296. 
13.42 13.33 13~33 

1.26 1.33 1.38 
13.42 13.33 13.33 

248. 303. 337. 
12.50 12.50 12.50 

290. 367. 422. 
12.92 13.08 13.00 

200. 241. 266. 
12.08 12.08 12.08 

3765. 4916. 5680. 
18.42 18.00 17.92 

142. 169. 186. 
12.75 12.75 .12.75 

81. i01. 113. 
14.75 14.67 14.58 

1.08 1.17 1.23 
14.75 14.67 14.58 

124. 151. 168. 
12.92 12.92 12.92 

]I~mAVF, NUEIA~RO~STUDY 
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HEC-I SL~,~Rr 



I ~ 

I 
I 
I 
I 
I 
I ~ 

I 
I 
I 
I 
I 
I. 

I 
I 
I 
I 
I 
I 

I ~3MB[NED ~F 

~ 

HYDROGRAPH AT 
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2 COMBINED AT 

CPBA 

RTBAAA 

CP~ 

°*~ NORMAL END OF HEC-1 "*~ 

DIBBL~ ~ R,~SOCIATF~' 

.59 

.50 

1.09 

l FLOW 21. 57. 81. 124 . 151. 168. 
TIME 13.00 13.00 13.00 L2.92 12.92 12.92 

1 FLOW 13. 46. 67. 106. 130. 146. 
TIME 13.50 13.50 13.50 13.50 13.58 13.58 

FLOW 
TIME 

32. 95. 135. 212. 260. 290. 
13.25 13.17 13.17 13.17 13.17 13.17 

I I ~ ~VE, NUE I,I~PRO~:a~Ea~TT ~TUDY 
~ £ T E P ~ A ~  3 o IO~R CON~£YANCE 
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